A trial fibrillation (AF) and heart failure (HF) are frequently coincident. Patients with both conditions have worse outcomes than patients with either alone. [1] [2] [3] Rhythm control may be appealing for selected patients with AF and HF, reversing rapid and irregular heart rates and restoring atrial contraction may result in increased cardiac performance, which, in turn, could improve symptoms and quality of life. However, the side effects, toxicities, and incomplete effectiveness of antiarrhythmic drugs (AADs) may offset their potential benefits. 4 Indeed, studies of AADs as a rhythm control strategy -namely amiodarone-have not identified benefits of maintaining sinus rhythm, 5, 6 a finding that appears to extend to patients with HF irrespective of ejection fraction (EF). 7, 8 Thus, alternative approaches to rhythm control are being explored. Catheter ablation has emerged as a promising approach for rhythm control of AF patients with concomitant HF. Whereas this therapy has become a first-line strategy for patients without HF, 9 the relative effectiveness of catheter ablation as compared with AADs in patients with HF with reduced ejection fraction (HFrEF) has only recently begun to be studied. The AATAC (Ablation versus Amiodarone for Treatment of persistent Atrial fibrillation in patients with Congestive heart failure and an implanted device) trial compared catheter ablation to AADs in patients with persistent AF, a dual-chamber implantable cardioverter-defibrillator (ICD) or cardiac resynchronization therapy with defibrillator (CRT-D), Class II or III HF, and an EF ≤40%. The trial demonstrated that catheter ablation was superior to amiodarone not only in freedom from AF at 2 years of follow-up, but also in hospitalization and mortality. 10 The relevance of AATAC to real-world practice is unclear. It is unknown how closely the AATAC population resembles clinical practice and to what proportion rate and rhythm therapies consist of current treatment practice. Contemporary clinical registries can assist with the translation of this trial to current practice. To assist in this effort, the ACC has recently launched the R2P (Research to Practice) initiative (formerly titled Rapid Registry Response), which facilitates rapid analysis of registry data to understand how clinical trials, such as AATAC, inform clinical practice. 11 To understand the impact of AATAC, we used data from the National Cardiovascular Data Registry (NCDR â )
Practice Innovation and Clinical Excellence (PINNACLE) registry. We identified how many patients with a history of AF and HF in PINNACLE would have qualified for AATAC based upon the trial eligibility criteria, examined recent patterns of AADs and procedural use in this population, and determined the potential impact of the AATAC findings.
Methods

Cohort
The NCDR â PINNACLE Registry was launched in 2008 by the American College of Cardiology to improve the quality of ambulatory cardiovascular care in the United States. 12 Both academic and private practices participate. Patient data, including symptoms, comorbidities, vital signs, and medications, are extracted from the electronic medical record. Given extraction of de-identified data from an electronic medical record under a quality improvement model, approval from an institutional review board and informed consent were waived. Data quality assessments and analyses were performed at Saint Luke's Mid America Heart Institute (Kansas City, Missouri), an analytic center for the registry. Cohort creation was guided by the AATAC trial inclusion and exclusion criteria. Between January 2013 and December 2014, we identified patients with an index encounter including both the diagnoses of AF and HF. The initial cohort of patients was then narrowed by excluding sites with >80% subjects missing any measure of left ventricular ejection fraction (LVEF). Among eligible sites, individual subjects were excluded if they had no measure of LVEF or no ICD with or without CRT-D. Individuals with liver disease, New York Heart Association functional class IV, or a left ventricular assist device were also excluded. Additional AATAC criteria were applied excluding individuals with LVEF >40%, a reversible cause of AF, cardiac surgery (within 3 months of inclusion in registry), prohibitive social factors (≥15 drinks of alcohol per week), no ICD or CRT-D, or who were not treated with both a beta-blocker and angiotensinconverting enzyme inhibitor in their medical regimen.
Rate Control
Individuals treated with a rate control strategy were identified as receiving a beta-blocker (atenolol, propranolol, metoprolol, carvedilol, or bisoprolol), a nondihydropyridine calciumchannel blocker (diltiazem or verapamil), or digoxin and the absence of an AAD, direct current cardioversion (DCCV), or AF catheter ablation at the study inclusion.
Rhythm Control
Individuals receiving rhythm control were defined by a medication history of an AAD (flecainide, propafenone, amiodarone, dronedarone, sotalol, dofetilide, or quinidine) or a procedural history of a DCCV or AF ablation at study inclusion.
Statistical Analysis
Frequencies of clinical characteristics and therapies are reported as proportions. Summary statistics examining baseline differences in demographics and comorbidities by catheter ablation (yes versus no) and by cohort (PINNACLE AATAC subgroup versus AATAC trial) were evaluated at registry inclusion. A chi-square analysis was performed to assess for differences in categorical variables, and the Student t test was applied for continuous variables. To assess site-level variation, ablation rates were examined over the study period to examine the use of AF catheter ablation by
Clinical Perspective
What Is New?
• The recent AATAC trial suggests a benefit for catheter ablation of atrial fibrillation in those with AF and heart failure (HF).
• Using the ambulatory NCDR â PINNACLE registry, we identified 8483 patients with atrial fibrillation and HF meeting AATAC enrollment criteria and showed that rate control was the predominant approach whereas antiarrhythmic medications were used in 29% and catheter ablation was used in 9.3%.
What Are the Clinical Implications?
• Applying the AATAC trial to practice could significantly increase the use of catheter ablation in this population, although differences in clinical profiles may limit the benefits in ablation outcomes observed in real-world practice.
site. SAS software (version 9.4; SAS Institute Inc, Cary, NC) was used to generate these frequencies and comparisons.
Results
Baseline Cohort Characteristics
We identified 164 166 patients with an index encounter with diagnoses of both AF and HF in 127 ambulatory practices. From this initial cohort, patients were excluded by location in sites with >80% missing measures of LVEF (n=14 760), by the absence of both an LVEF measure and history of ICD or CRT-D implantation (n=34 977), and by the presence of liver disease (n=115), New York Heart Association functional class IV (n=285), or a left ventricular assist device (n=7), leaving 114 022 patients. After excluding patients with LVEF >40% (n=77 236), there were 36 786 patients with AF and HFrEF. With further application of the AATAC trial exclusion criteria, individuals were also omitted if they lacked an ICD or CRT-D (n=16 503), were not prescribed a beta-blocker or angiotensin-converting enzyme inhibitor (n=10 657), or if they had a reversible cause of AF (n=4), prohibitive social factors (n=144), or cardiac surgery within 3 months of registry inclusion (n=995; Figure 1 ; Table 1 ), leaving a final PINNACLE AATAC cohort of 8483 subjects (7%). The PINNACLE AATAC eligible subgroup was slightly younger and had a larger proportion of male patients than the overall AF and HF cohort. Similar to the overall cohort, the PINNACLE AATAC group was comparable in racial composition and several comorbidities, including obesity, diabetes mellitus, hyperlipidemia, coronary artery disease, and stroke/transient ischemic attack. AF characteristics were similar across groups in type (first-detected, paroxysmal, or persistent/permanent) and etiology (valvular, nonvalvular, or secondary causes).
When compared with the AATAC trial population, 10 
AF Therapies: PINNACLE AATAC Subgroup
Among the PINNACLE AATAC subgroup, rate control was used in 100% of the cohort because of the requirement for beta-blocker prescription for inclusion in the cohort. The most commonly used atrioventricular-nodal blocking agents were carvedilol (71.2%), digoxin (31.9%), and metoprolol (27.1%; Table 2 ). Of rhythm control strategies ( (Tables 4 and 5 ). Procedures were utilized less often than AAD with DCCV (13.1%) used more frequently than catheter ablation (9.3%).
PINNACLE AATAC Ablation Cohort
When compared with PINNACLE AATAC-eligible patients who did not undergo AF ablation (N=7698), patients who underwent ablation (N=785) were slightly younger and had less comorbidities, including hypertension, diabetes mellitus, hyperlipidemia, and myocardial infarctions (Table 6 ). Other demographics, including sex and racial composition as well as vascular disease and EF, were comparable between groups.
Although PINNACLE AATAC-eligible patients who underwent ablation were more likely to undergo other rhythm control procedures, such as DCCV, AAD prescription was similar with or without catheter ablation. Of the sites performing AF ablation (64 of 127 sites), there was significant variation in ablation volume by site (Figure 2 ). During the study period, the median ablation rate was 0.1 ablations/year (interquartile range, 0.05, 0.15) with a corresponding median patient volume of 77 encounters (interquartile range, 65, 99) at sites performing AF ablation. Nearly half of participating sites did not perform AF ablation in this population whereas 3 sites had ablation rates exceeding 25%. 
AF Therapies: Overall HF Cohort
In the overall AF with HF cohort, rate control was the predominant strategy over rhythm control (Tables 2 and 3) , with betablockers the preferred medication over calcium-channel blockers or digoxin. Of the beta-blockers, carvedilol (25.4%) and metoprolol (26.4%) were the most frequently used agents. A rhythm control approach was used in just under 20% of the overall cohort, with amiodarone use accounting for over three quarters of this strategy (Table 3) . Use of other AADs was less than 2%. Amiodarone again remained the predominant medication when AADs were used adjunctively with DCCV and AF ablation (Tables 4 and 5 ). Procedures were also less common, with DCCV (12.7%) used around twice as frequently as catheter ablation (5.3%).
Discussion
In this contemporary cohort of more than 100 000 patients in the United States with AF and HF, 7% appeared to be eligible for catheter ablation based on the AATAC trial criteria. Within this AATAC-eligible subgroup, as also observed across the larger AF-HF group, rate control therapies predominated. Of the patients meeting AATAC trial eligibility criteria, AADmostly amiodarone-was the predominant rhythm control therapy, used over DCCV and catheter ablation. Application of catheter ablation for AF showed significant variation across sites where ablation was offered.
Previous studies have described practice patterns of rate and rhythm control for the treatment of AF alone. 13, 14 Similar to our findings, rate control therapies were consistently utilized more frequently than rhythm control strategies. Furthermore, DCCV and AADs were employed more often than catheter ablation, which, in 1 contemporary cohort of AF patients, accounted for 5.2% of all AF therapies and 11% of rhythm control treatments. 13 The only study to describe AF management in an HF cohort was a retrospective, singlecenter study by Al-Khatib et al. 15 They queried the Duke cardiovascular disease inpatient database to describe AF indicates atrial fibrillation; HF, heart failure; HFrEF, heart failure with reduced ejection fraction. therapies and outcomes of patients with AF and HFrEF identified between 1995 and 2002. In this cohort, rate and rhythm control prescription were equivalent. However, these findings may reflect the practice patterns of a single center and the comorbidities and poor prognosis of a cohort defined by an index admission. Additionally, AF procedural data were not available. Notably, with the rapid changes in the techniques and frequency of use of catheter ablation for AF, older data have less applicability to current practice. The predominance of rate control over rhythm control in our results is not surprising, given the equivalent results of landmark randomized, controlled trials that failed to show improved outcomes with rhythm control. 5, 6, [16] [17] [18] These results were mirrored in subgroup analyses of those with HFrEF as well. 19 However, the limitations of these studies prevent their generalization to all patients. Sinus rhythm was maintained in only 39% to 64% of patients assigned to rhythm control, 20 crossover between treatment arms was frequent, and under-representation of patient subgroups, including the young, elderly, and those with structural heart disease also hampered applicability to contemporary populations. Concerns about extension to the HFrEF population were mitigated by the advent of the AF-CHF (Atrial Fibrillation and Congestive Heart Failure) trial. 7 In the absence of symptoms, AF-CHF concluded that there was no advantage of a rhythm control approach with AADs over a rate control strategy to treat AF in HFrEF. The predominance of rate control in our results likely reflects, in part, the influence of AF-CHF, which has formed the paradigm for AF treatment in HFrEF. Given the failure rate of AADs as well as their side effects, catheter ablation has emerged as a potential alternative to pharmacological rhythm control. Clinical trials have shown reduced recurrence of atrial tachyarrhythmias with an ablation strategy over AADs. The clinical effectiveness of AF ablation for patients with HFrEF has also shown comparable results with freedom from recurrent arrhythmias ranging from 50% to 88%. 21 Until recently, many clinicians felt that such results did not generalize to the HF population. However, the AATAC trial provides evidence that catheter ablation in appropriately selected HFrEF patients can provide significant benefit. Despite selecting for persistent AF, AATAC trial patients were relatively healthy, had an AF duration of just over 8 months, had relatively small atria, and had less comorbidities than observed in our ambulatory cohort. Within this context, ablation was associated with improved clinical outcomes compared to amiodarone, with an over 2-fold difference in freedom from recurrence in follow-up as well as decreased hospitalizations and mortality and improvements in quality of life, exercise capacity, and EF. These associations, which mirror those noted in comparable populations in other studies, likely reflect a number of factors, including selection of a relatively healthy cohort of patients for catheter ablation (Table 6 ).
In the period immediately preceding the recent release of the AATAC findings, our results indicate that catheter ablation of AF has been used infrequently in the United States in patients with HFrEF, and when a rhythm control strategy is desired, AADs have been the approach of choice. These observations mirror clinical guidelines where catheter ablation is often reserved as a second-line therapy with the failure of AADs (Class I) for symptomatic AF rather than as first-line therapy in select patients (Class IIa or IIb). 9 It is also encouraging to see that AADs, such as sotalol or dronedarone, that would not be indicated in this HF population were used infrequently. Although the cohort described here reflects recent practice, the AATAC findings became available after these data were collected. Additionally, catheter ablation remains a relatively new therapy and involves a complex procedure requiring a skilled practitioner. How quickly and to what extent the AATAC findings are taken up into clinical practice remains to be determined. Additionally, as previously mentioned, heterogeneity in patient selection, ablation technique, and procedural experience may lead to differences in patient outcomes. Furthermore, our results also highlight site-level variation that reflects differences in clinical practice. As a result, referral for AF ablation may also reflect not only patient specific differences, but also regional and system-wide differences that may favor rate control over rhythm control.
A number of limitations of this PINNACLE analysis should be noted. First, we were unable to comment on outcomes associated with each treatment type given the differential follow-up in the registry. Future studies should focus on comparing real-world outcomes in treatment strategies in the AF and HF population, recognizing major limitations imposed by treatment selection bias in observational data. We were also unable to assess symptom burden as it relates to measures such as quality of life and 6-minute walk. As a result, we could not comment on the primary indication for ablation in our population-mitigation of symptomatic AF. Given the lack of these measures, the inability to comment on outcome, and the lack of a rate control arm in AATAC, we did not have the ability-nor was it our objective-to determine the appropriate treatment approach for these patients. However, the improvements in hospitalization and mortality observed in the AATAC trial make its results compelling and call for replication in this population. Furthermore, specifics regarding preprocedure cardiac structure and function beyond EF are not available. As a result, we cannot comment on the candidacy of these patients for AF ablation based on parameters such as left atrial size. Third, because patients were enrolled in the registry on their index encounter, previous medication use and procedural data are lacking. Fourth, catheter ablation includes catheter ablation of "atrial arrhythmias." As a result, catheter ablation as defined in PINNACLE includes not only procedures for atrial fibrillation, but may also include atrial flutter and other supraventricular tachycardias. We believe this nonspecificity is diminished given selection for patients with encounters coding for AF. Finally, given the short follow-up time, we could not effectively describe crossover between groups and, consequently, we cannot comment on failure of each arm in current practice.
Conclusion
Rate control is primarily used to treat AF and HFrEF in a contemporary, outpatient US population, and escalation to rhythm control therapies most often utilizes AADs or DCCV. Catheter ablation has been rarely used in this population. Future studies focusing on patient symptoms, quality of life, and real-world outcomes will improve our understanding of catheter ablation in this population.
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